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(54) CONTROLLER OF PASSENGER CONVEYOR AND PASSENGER SENSOR 



(57) In a control apparatus for a passenger con- 
veyor, passenger detecting devices provided on right 
and left balustrades distinguish and monitor the 
absence/presence of a passenger within first zones on 
an entrance gate side and an exit gate side including 
floor boards of the entrance gate side and the exit gate 
side and the absence/presence of a passenger within 
second zones on the entrance gate side and the exit 
gate side adjacent to the outside of the first zones so as 
to cover the first zones. The control apparatus body 
controls operation of the passenger conveyor in accord- 
ance with a plurality of operating modes including a 
standby mode for stopping operation for standby, an 
intermediate mode switched over from the standby 
mode, a conveying mode switched over from the inter- 
mediate mode for conveying a passenger and an alarm 
mode for alerting a passenger who is about to enter 
from the exit gate side that the conveyor is operating in 
the opposite direction. In the case where a passenger is 
detected in at least one second zone on the entrance 
gate side and the exit gate side in the standby mode, the 
mode switching circuit switches the operating mode to 
the intermediate mode, and in the case where a pas- 
senger is detected in the first zone on the entrance gate 
side in the intermediate mode, the mode switching cir- 
cuit switches the operating mode to the conveying 
mode. Also, in the case where a passenger is detected 



in the first zone on the exit gate side in the intermediate 
mode, the mode switching circuit switches the operating 
mode to the alarm mode. 

FIG. 1 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a passenger 5 
conveyor such as an escalator or a moving walk. More 
particularly, the invention relates to a control apparatus 
tor a passenger conveyor in which a plurality of operat- 
ing modes including a conveying mode for operating at 
a speed at which passengers are conveyed and a io 
standby mode for standing by while reducing power 
consumption are automatically switched over, and a 
passenger detecting device which is applicable to such 
a control apparatus. 

15 

BACKGROUND ART 

[0002] Conventionally, in a stop type automatic 
operating system passenger conveyor, sensors are pro- 
vided on poles provided at an entrance gate. The con- 20 
veyor is in standby with the operation thereof stopped 
when no passengers are detected and the conveyor is 
operated at a rated speed when a passenger is 
detected by the sensors. 

[0003] The JEAS-410A of the Japanese Elevator 25 
Society standards define such a stop type automatic 
operating system as follows: 

1 . A detection point should be provided that has a 
sufficient distance for the escalator so that the 30 
escalator may be started and reach a rated velocity 
before the user rides on the escalator. This distance 

is 1.0 m or more (corresponding to about 1.7 m 
from a comb portion) from the ends of the returning 
portions of the moving handrails at both the 35 
entrance and exit gates. (The walking speed of the 
passenger is 1 .5 m/sec and the passenger con- 
veyor reaches the rated velocity in 0.5 to 0.8 sec 
after the start.) 

2. Operation should continue for a longer period of 40 
time than it takes the user who last rides on the con- 
veyor to arrive at the exit gate. 

3. The operating direction should be one way. 

4. An alann should be sounded for a person who 
rides from the reverse direction, and at the same 45 
time the conveyor should be moved in the opposite 
direction (i.e., the regular operating direction) for a 

set period of time. 

6. Railings should be provided between the pas- 
senger detection position and the entrance/exit so 
gates for guiding the users. 

6. A display showing "automatic operation" and 
acceptance or rejection of a passenger should be 
provided (i.e., showing the operating direction) at 
both entrance/exit gates. 

[0004] Also, European Regulations EN1 15 stipulate 
as follows: 



1. The conveyor should start to move before the 
pedestrian rides on a step. (A photoelectric device 
should be installed 1 .3 m away from the comb.) 

2. A display showing the operating direction and 
acceptance/rejection is required. 

3. The conveyor should move in the opposite direc- 
tion before pedestrian who is going to ride in the 
wrong direction rides on the step. 

4. The period of time for this operation should be 10 
sec or more. 

[0005] Accordingly, in the stop type automatic oper- 
ating system passenger conveyor, it is necessary to pro- 
vide additional equipment such as poles, an automatic 
operation display lamp, an operating direction display 
lamp and guide railings. Among such additional equip- 
ment, the poles are located at a distance of 1.0 m or 
more from the handrail returning portions with the sen- 
sors being built therein. Also, the automatic operation 
display lamp indicates the movement of the conveyor if 
the user is close thereto while the passenger is stopped. 
The operating direction display lamp indicates the regu- 
lar set operating direction while the passenger conveyor 
is stopped and displays whether the riding direction is a 
regular direction or an opposite direction. In some 
cases, these display lamps are built into the poles. 
[0006] Also, the guide railings are used to prevent 
the user from riding on the passenger conveyor without 
passing through the detecting device, and, at the same 
time, prevent the user from moving aside without riding 
on the passenger conveyor after being detected by the 
detecting device. 

[0007] A so-called low speed automatic operating 
system can also be provided in contrast to the above- 
described stop type automatic operation system. 
[0008] For example, Japanese Patent Application 
Laid-open No. Sho 62-275990 shows a control method 
in which a passenger conveyor stands by at a low speed 
operation, is accelerated in accordance with a detection 
signal of a passenger detection device, and is again 
decelerated after a predetermined period of time. 
[0009] Also, Japanese Patent Publication No. Hei 5- 
5572 discloses a method in which after a passenger 
conveyor has been accelerated from a low speed oper- 
ation by a WVF inverter, the drive source is switched 
over to a commercial power source to thereby perfonn a 
rated speed operation. 

[0010] In such low speed automatic operating sys- 
tems, since low speed operation is continued even dur- 
ing standby conditions, it is possible to omit or simplify 
the automatic operation display lamps or operating 
direction display lamps. Aiso, in the case where the pas- 
senger conveyor is gradually accelerated by the 
inverter, even if a passenger were to ride on the con- 
veyor during the acceleration operation, it is very 
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unlikely that the passenger would fall down. Accord- 
ingly, it is possible to place the passenger detection 
positions just before the passenger entrance and exit 
gates. It is therefore possible to dispense with the guide 
railings and easily incorporate the passenger detection 
device into the passenger conveyor. 
[001 1] However, the energy saving effect in the low 
speed automatic operating system is degraded com- 
pared with the stop type system because low speed 
operation is performed even during the standby condi- 
tion. 

[0012] In contrast, Japanese Patent Application 
Laid-open No. Sho 67-72581 and Japanese Patent 
Application Laid-Open No. Sho 61-162486 disclose a 
control method in which if no passengers are detected 
for a predetermined period of time while the passenger 
conveyor is standing by at low speed operation, opera- 
tion is stopped and the conveyor stands by. However, in 
this case, since the conveyor is stopped for the standby 
mode when it is not busy, as in the stop type automatic 
operating system, it is necessary to provide the auto- 
matic operation display lamps and 1 he operating direc- 
tion display lamps. 

[0013] In addition. Japanese Patent Application 
Laid-open No. Sho 55-161770, Japanese Patent Appli- 
cation Laid-open No. Sho 64-14784 and Japanese Pat- 
ent Application Laid-Open No. Hei 4-58582 disclose a 
control method in which the operating speed is changed 
in accordance with the absence/presence of passen- 
gers. 

[0014] Also, Japan'ese Patent Application Laid- 
Open No. Sho 62-269882 discloses a control method in 
which, in accordance with an output from a device for 
detecting the number of the passengers per unit time 
the low speed operation is performed when there is no- 
load and the rated speed operation is performed when 
the passengers are detected. 

[0015] Furthermore, Japanese Patent Application 
Laid-Open No. Hei 1-281288 discloses a method in 
which sensors are arranged at an end portion of the 
handrail and the ceiling, respectively, and when the pas- 
senger is detected by either one of the sensors, the 
operation is started. 

[0016] Also, Japanese Patent Application Laid- 
Open No. Hei 3-243591 discloses a control method in 
which a first detecting device is provided at the entrance 
and exit gates and a second detecting device is pro- 
vided in the vicinity of the comb portion so that the pas- 
senger conveyor is started by the first detecting device 
and a counting operation according to a timer is started 
with the second detecting device, the operation of the 
passenger conveyor being stopped after a predeter- 
mined period of time. 

[0017] Further, Japanese Patent Application Laid- 
Open No. Hei 6-87592 discloses a control method in 
which photo sensors each composed of a light emitting 
element and a light receiving element are provided on 
right and left handrail end portions, beams from the right 



and left light emitting elements are made to intersect 
one another at the entrance/exit gate, and when pas- 
senger is detected by both the right and left photo sen- 
sors, the passenger conveyor is started. Also, in this 
5 example, a plurality of pairs of photo sensors having dif- 
ferent beam intersection positions are provided, and it is 
thus possible to delect the presence/absence of pas- 
sengers within a wide range. 

[0018] Furthermore, Japanese Patent Application 
10 Laid-open No. Hei 10-182050 discloses a passenger 
monitoring device in which reflective light detection type 
photo sensors are provided on right and left handrails to 
thereby monitor passengers on a floor board of the 
entrance/exit gate with the respective photo sensors. 
15 [0019] As described above, the conventional stop 
type automatic operation system needs additional 
equipment such as poles, automatic operation display 
lamps, operating direction display lamps and guide rail- 
ings. Also, the energy saving effect of the conventional 
20 low speed automatic operating system is low compared 
to the stop type because the low speed operation is per- 
formed during standby. 

[0020] Also, Japanese Examined Patent Publica- 
tion No. Sho 61-57274 discloses a passenger conveyor 

25 operating apparatus which comprises a transit passen- 
ger delecting device for detecting the absence/pres- 
ence of a passenger before the entrance gate and a 
riding passenger detecting device for detecting the 
advance of the passenger to a step board of the 

30 entrance gate portion. A drive device is switched over 
from suspended operation to low speed operation in 
accordance with a detection signal from the transit pas- 
senger detecting device, and the drive device is 
switched over from low speed operation to regular 

35 speed operation in accordance with the detection signal 
from the riding passenger detecting device. 
[0021] However, in this operating apparatus, the 
transit passenger detecting device is provided only on 
the side of the entrance gate and only an alighting pas- 

40 senger detecting device is provided on the exit gate. 
Also, the transit passenger detecting device is simply 
used for monitoring whether or not a transit passenger 
is present before the entrance gate portion. The detec- 
tion range of the transit passenger detecting device is 

45 separate from the detecting range of the riding passen- 
ger detecting device. Accordingly, a passenger who 
cuts in from outside of the handrail returning portion to 
the entrance gate can not be detected. 
[0022] Furthermore, since the transit passenger 

50 detecting device is disposed in the building where the 
passenger conveyor is installed, tfie installation work 
has to be performed independently of the installation 
work of the passenger conveyor. Also, the mounting 
position thereof is limited by the building itself, and as a 

55 result, the detection range is changed so that passen- 
gers cannot be detected with high precision. 



3 



inq7RflftAl I v 



5 



EP 1 097 898 A1 



6 



DISCLOSURE OF THE INVENTION 

[0023] In order to solve the above-described prob- 
lems, an object of the present invention is to provide a 
passenger conveyor control apparatus that may 
improve the energy saving effect while simplifying auxil- 
iary equipment and a passenger delecting apparatus 
which may be applied to such a control apparatus. 
[0024] To this end, according to one aspect of the 
present invention, there is provided a control apparatus 
for a passenger conveyor comprising: a control appara- 
tus body for controlling operation of the passenger con- 
veyor in accordance with a plurality of operating modes 
including a standby mode for stopping operation tor 
standby, an intermediate mode switched over from the 
standby mode, a conveying mode switched over from 
the intermediate mode for conveying a passenger and 
an alarm mode for alerting a passenger who is about to 
enter from an exit gate side that the conveyor is operat- 
ing in the opposite direction; passenger detecting 
devices for distinguishing and monitoring the 
absence/presence of a passenger within first zones on 
an entrance gate side and the exit gate side, including 
floor boards of the entrance gate side and the exit gate 
side, and the absence/presence of a passenger within 
second zones on the entrance gate side and the exit 
gate side which is adjacent to outside of the first zones 
so as to cover the first zones, respectively; and a mode 
switching circuit for switching the operating modes in 
response to information from the passenger detecting 
devices, wherein in the case where a passenger is 
detected in at least one second zone on the entrance 
gate side and the exit gate side in the standby mode, the 
mode switching circuit switches the operating mode to 
the intermediate mode, in the case where a passenger 
is detected in the first zone on the entrance gate side in 
the intermediate mode, the mode switching circuit 
switches the operating mode to the conveying mode, 
and in the case where a passenger is detected in the 
first zone on the exit gale side in the intermediate mode, 
the mode switching circuit switches the operating mode 
to the alarm mode. 

[0025] According to another aspect of the present 
invention, there is provided a control apparatus for a 
passenger conveyor comprising: a control apparatus 
body for controlling operation of the passenger con- 
veyor in accordance with a plurality of operating modes 
including a conveying mode for conveying a passenger, 
a standby mode for stopping operation for standby, an 
inten-nediate mode switched over from the standby 
mode and an alarm mode for alerting a passenger who 
is about to enter from an exit gate side that the conveyor 
is operating in the opposite direction; a passenger 
detecting device for distinguishing and monitoring the 
absence/presence of a passenger within a first zone 
including a floor board of the exit gate side, and the 
absence/presence of a passenger within a second zone 
which is adjacent to outside of the first zone so as to 



cover the first zone; and a mode switching circuil for 
switching the operating mode to the intermediate mode 
in the case where a passenger is detected in tlie second 
zone in the standby mode, and the operating mode to 

5 the alann mode in the case where a passenger is 
detected in the first zone in the Intemiediate mode. 
[0026] According to a still further aspect of the 
present invention, there is provided a control apparatus 
for a passenger conveyor comprising: a control appara- 

10 tus body for controlling operation of the passenger con- 
veyor in accordance with a plurality of operating modes 
including a conveying mode for operating at a speed at 
which passengers are conveyed, a standby mode for 
standing by under a power consumption saving condi- 

15 tion and an alarm mode for alerting a passenger who is 
about to enter from an exit gate side that the conveyor is 
operating in the opposite direction; passenger detecting 
devices for detecting a passenger adjacent to an 
entrance gate and the exit gate of the passenger con- 

20 veyor; and a mode switching circuit for switching the 
operating modes in response to information from the 
passenger detecting devices, wherein structures of the 
passenger delecting devices on the entrance gate side 
and on the exit gate side and detection zones of the 

25 passenger delecting devices are the same as each 
other, and a control method on the entrance gate side 
and a control method on the exit gate side may be auto- 
matically switched with each other in response to a 
switching operation of the operating directions of the 

30 passenger conveyor. 

[0027] According to a still further aspect of the 
present invention, there is provided a reflective light 
type passenger detecting device for a passenger con- 
veyor, having a light emitting portion and a light receiv- 

35 ing portion disposed in a balustrade portion of entrance 
and exit gates of the passenger conveyor tor detecting 
the absence/presence of a passenger adjacent to the 
entrance and exit gates, wherein a light projection range 
of the light emitting portion and a light receiving range of 

40 the light receiving portion are sector-shaped as viewed 
from above, respectively, and wherein angles in an up- 
and-down direction of the light projection range and the 
light receiving range are changed so that a portion com- 
prising the intersection of the light projection range and 

45 the light receiving range may be used as a detection 
range. 

BRIEF DESCRIPTION OF THE DRAWINGS 
50 [0028] 

Fig. 1 is a plan view showing an entrance gate of a 
passenger conveyor in accordance with Embodi- 
ment 1 of the present invention; 
55 Fig. 2 is a side elevational view showing the 
entrance gate shown in Fig. 1 ; 
Fig. 3 is a front view showing the entrance gate 
shown in Fig. 1 ; 
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Fig. 4 is a block diagram showing a control appara- 
tus for the passenger conveyor shown in Fig. 1 ; 
Fig. 5 is a plan view showing an exit gate of the pas- 
senger conveyor shown in Fig. 1 ; 
Fig. 6 is a flowchart for illustrating the operation of 
the control apparatus shown in Fig. 4 at the 
entrance gate side; 

Fig. 7 is a plan view showing an entrance/exit gate 
of a passenger conveyor in accordance with 
Embodiment 2 of the present invention; 
Fig: 8 is a plan view showing an entrance/exit gate 
of a passenger conveyor in accordance with 
Embodiment 3 of the present invention; 
Fig. 9 is a plan view showing an entrance/exit gate 
of a passenger conveyor in accordance with 
Embodiment 4 of the present invention; 
Fig. 10 is a plan view showing an entrance gate of 
a passenger conveyor in accordance with Embodi- 
ment 5 of the present invention; 
Fig. 11 is a side elevatlonal view showing the 
entrance gate shown in Fig. 1 0; 
Fig. 12 is a side elevational view showing a passen- 
ger detecting device for the passenger conveyor in 
accordance with Embodiment 6 of the present 
invention; 

Fig. 13 is a plan view showing the passenger 
detecting device shown in Fig. 12; and 
Fig 14 is a plan view showing entrance/exit gates of 
a passenger conveyor provided with guide railings. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Preferred embodiments of the present inven- 
tion will now be described with reference to the draw- 
ings. 

Embodiment 1 

[0030] Fig. 1 is a plan view showing an entrance 
gate of a passenger conveyor in accordance with 
Embodiment 1 of the present invention, Fig. 2 is a side 
elevational view showing the entrance gate shown in 
Fig. 1, and Fig. 3 is a front view showing the entrance, 
gate shown in Fig. 1 . 

[0031] In the drawings, moving handrails 2 are pro- 
vided on a pair of balustrades 1 , respectively. A passen- 
ger detecting device 4 for detecting absence/presence 
of a passenger is provided in a lower portion of a hand- 
rail return port 3 of each balustrade 1 . For example, 
devices having reflective photo detection type sensors 
with light emitting portions and light receiving portions 
may be used as these passenger detecting devices 4. 
Also, devices having ultrasonic wave sensors may be 
used. 

[0032] Moreover, the passenger detecting devices 
4 monitor to distinguish the presence/absence of a pas- 
senger within a first zone 41 at the entrance gate side, 
including an entrance floor board 5, from the pres- 



ence/absence of a passenger within a second 2one 42 
at the entrance gate side and adjacent to the outside of 
the first zone 41 so as to cover the first zone 41 . The first 
zone 41 is a range in which the passenger is about to 
5 ride on the passenger conveyor from the i.e., a range 
slightly projecting from the handrail returning portions 2 
at both sides. 

[0033] The second zone 42 is wider than the first 
zone 41 in consideration of the approach path of pas- 

10 sengers. The first zone 41 and the second zone 42 may 
partially overlap each other. For instance, the detection 
range of the passenger conveyor in the longitudinal 
direction is about 1 .0 to 3.0 m from the handrail return- 
ing portions 2a. Also, the first and second zones 41 and 

15 42 include a region outside of the handrail returning por- 
tion 2a on both sides of the passenger conveyor. Thus, 
it IS possible to detect a passenger who detours around 
the entrance/exit gates from outside of the handrail 
returning portions 2a. 

20 [0034] A display device 6 for showing the automatic 
operation display, operating direction display and the 
like is provided on a balustrade 1 . 
[0035] Fig. 4 is a block diagram showing a control 
apparatus for the passenger conveyor shown in Fig. 1 . 

25 A signal from the passenger detecting devices 4 is out- 
put to a mode switching circuit 7. The mode switching 
circuit 7 switches the operating modes of a control 
apparatus body 8 in response to information from the 
passenger detecting devices 4. The control apparatus 

30 body 8 controls operation of the passenger conveyor 
with a plurality of operating modes including a standby 
mode for stopping operation for standby, an intermedi- 
ate mode that may be switched to from the standby 
mode, a conveying mode switched to from the interme- 

35 diate mode for conveying the passenger, and an alarm 
mode tor warning a passenger who is about to ride on 
the conveyor from the exit gate that the operating direc- 
tion is in reverse. 

[0036] More specifically, the mode switching circuit 
40 7 switches the operating mode to the intermediate 
mode in the case where a passenger is detected in the 
second zone 42 on the entrance gate side in the 
standby mode, and switches the operating mode to the 
conveying mode in the case where the passenger is 
45 detected in the first zone 41 on the entrance gate side in 
the intermediate mode. 

[0037] In the conveying mode, the passenger con- 
veyor is operated at a rated speed for only a predeter- 
mined period of time (a period of time for passengers to 

50 be conveyed plus an additional period of time). Also, a 
sensor may be provided on the exit gate side so that the 
passenger conveyor is stopped in a predetermined time 
after the final passenger gets off. 
[0038] In the intermediate mode, the passenger 

55 conveyor is operated at a lower speed than that of the 
conveying mode. Also, when operating in the intermedi- 
ate mode, if a predetermined time (tor example, Oio 10 
seconds) when no passengers are detected in the first 
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zone 41 and the second zone 42 passes, the operating 
mode of the control apparatus body 8 is returned back 

to the standby mode. 

[0039] Also, an alarm means 9 for alerting the pas- 
sengers in the vicinity of the exit gate is connected to 
the control apparatus body 8. In the alarm mode, the 
alarm means 9 alerts passengers who are about to 
enter from the exit gate and intorms them that the oper- 
ating direction is opposite the reverse of their desired 
direction of travel. Also, the alarm mode may, for exam- 
ple, alert passengers that the operating direction is in 
reverse by running the passenger conveyor faster than 
the intermediate mode without using the alann means 
9. 

[0040] As shown in Fig. 6, the passenger detecting 
devices 4 and the display device are provided at the exit 
gate of the passenger conveyor in the same manner as 
the entrance gate. The passenger detecting devices 4 
detect the presence/absence of the passengers in the 
first and second zones 41 and 42 of the exit gate side at 
the exit gate as well. 

[0041] The operation at the entrance gate side will 
now be described. In the case where no passengers 
ride on the passenger conveyor and no passengers are 
detected in the vicinity of the entrance/exit gates, the 
operating mode of the control apparatus body 8 is the 
standby mode, and operation of the passenger con- 
veyor is stopped. In this condition, where a passenger 
1 1 in Fig. 1 enters the passenger conveyor along the 
path indicated by the an-ow, the operating mode is 
switched over to the intermediate mode when the pas- 
senger 11 enters the second zone 42 and the passen- 
ger conveyor starts low speed operation. Thereafter, 
when the passenger 1 1 enters the first zone 41 , the 
operating mode is switched over to the conveying mode 
so that the passenger 1 1 is conveyed by the passenger 
conveyor. 

[0042] Also, where a passenger 1 2 in Fig. 1 passes 
across the second zone 42 along the path indicated by 
the arrow, when the passenger 1 2 enters the second 
zone 42, the operating mode is switched to the interme- 
diate mode so that the passenger conveyor is operated 
at low speed. However, after a predetemnined period of 
time passes from when the passenger 12 leaves the 
second zone 42, the operating mode is returned back to 
the standby mode, and operation of the passenger con- 
veyor is stopped. 

[O043] Here, Fig. 6 is a flowchart illustrating the 
operation of the entrance gate side of the control appa- 
ratus shown in Fig. 4. The operating mode during 
standby is the standby mode (step SI ). The operation of 
the passenger conveyor is stopped, and the 
absence/presence of a passenger within the second 
zone 42 is monitored (step S2). Unless a passenger is 
detected within the second zone 42, the operating mode 
remains in the standby mode. 

[O044] When a passenger is detected within the 
second zone 42. a timer for a second set time (for exam- 



ple, ten seconds) is started (step S3), and the 
absence/presence of a passenger within the second 
zone 42 is monitored (step S4). At this time, if a passen- 
ger is detected, after the timer for the second set time is 

5 reset and started (step S5), the operating mode is 
switched over to the intermediate mode (step S6). If a 
passenger is not detected, the timer is not reset and the 
operating mode is switched over to the intermediate 
mode (step S6). 

10 [0045] During low speed operation in the intermedi- 
ate mode, the absence/presence of the passenger 
within the fir-st zone 41 is monitored (step S7). Conse- 
quently, unless a passenger is detected within the first 
zone 41, the counting operation of the timer confirms 

75 whether or not the second set time passes (step SB). 
Then, unless the second set time passes, the intemie- 
diate mode is continuously maintained, and the 
absence/presence of the passengers within the first and 
second zones 41 and 42 is monitored (steps S4 to S7). 

20 Also, if the second set time passes while no passengers 
are detected in the first and second zones 41. 42, the 
operating mode is returned back to the standby mode 
(step SI). 

[0046] On the other hand, during low speed opera- 
25 tion in the intemnediate mode, if a passenger is detected 
in the first zone 41 . a timer for a first set time (a time in 
excess of the time needed to convey a passenger) is 
started (step S9). Furthermore, the absence/presence 
of a passenger within the first zone 41 is monitored 
30 (step 81 0). At this time, when a passenger is detected, 
after the timer for the first set time is reset and started 
(step S11), the operating mode is switched over to the 
conveying mode (step SI 2). Moreover, if a passenger is 
not detected, the timer is not reset and the operating 
35 mode is switched over to the conveying mode (step 
812). 

[0047] When the rated speed operation in the con- 
veying mode is started, the counting operation of the 
timer confirms whether or not the first set time passes 

40 (step 813). Then, until the first set time passes, the 
absence/presence of the passenger within the first zone 
41 is monitored (step 810). Also, if the first set time 
passes while a new passenger is not detected within the 
first zone 41, the absence/presence of the passenger 

45 within the second zone 42 is monitored (step S2). 
Unless the passenger is present in the second zone 42, 
the operating mode is returned back to the standby 
mode (step SI). 

[0048] The operation on the exit gate side will now 
so be described. In the case where a passenger is 
detected in the second zone 42 on the exit gate side in 
the standby mode, the mode switching circuit 7 switches 
the operating mode to the intermediate mode. In the 
case where the passenger is detected in the first zone 
55 41 on the exit gate side in the intermediate mode, the 
mode switching circuit 7 switches the operating mode to 
the alarm mode so that the alarm is generated by the 
alarm means 9. 
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[0049] In the alarm mode, the passenger conveyor 
is operated at the rated speed in the regular direction. 
However, if the predetenninedtime (for example, 3 to 10 
seconds) when no passengers are detected the first 
zone 41 and the second zone passes, the operating 5 
mode of the control apparatus body 8 is returned bacl< 
to the standby mode. 

[0050] In the case where a passenger 14 shown in 
Fig. 5 enters the second zone 42 on the exit gate side in 
the standby mode, the operating mode is switched over 10 
to the intennediate mode. Thus, the low speed opera- 
lion of the passenger conveyor is started in the regular . 
direction. Thus, the passengei 14 can recognize that he 
was about to enter in the opposite direction and moves 
away from the exit gate as indicated by the an-ow. 15 
[0051] However, when a passenger 15 having 
entered the second zone 42 on the exit gate side, fur- 
ther enters the first zone 41 on the exit gate side without 
recognizing the low speed operation, the operating 
mode is switched over to the alarm mode in which the 20 
alarm is generated from the alarm means 9 and the 
passenger conveyor is operated at the rated speed. 
Thus, the passenger 15 can recognize that he was 
about to enter in the opposite direction and moves away 
from the exit gate as indicated by the arrow. 2S 
[0052] Also, in the case where a passenger 16 
shown in Fig. 5 passes across the second zone 42 on 
the exit gate side along the path indicated by the arrow, 
the operating mode is switched over to the intermediate 
mode and the passenger conveyor is operated at the 30 
low speed when the passenger 16 enters the second 
zone 42. However, after the set time passes from when 
the passenger 1 6 has leaves the second zone 42, the 
operating mode is returned back to the standby mode 
and operation of the passenger conveyor is stopped. 35 
[0053] With such a control apparatus for the pas- 
senger conveyor, since the operation is stopped in the 
standby mode, it is possible to obtain a high energy sav- 
ing effect compared to a system which stands by at low 
speed. 

[0054] Also, since the low speed operation is 
started when the passenger reaches a position sonie- 
what away from the entrance or exit gate, it is possible 
to prevent passengers from wrongly believing that the 
passenger conveyor is stopped. Furthermore, passen- 45 
gers may observe and confirm the operating direction 
when they enter the second zone 42. Accordingly, it is 
possible to use a relatively simplified display device 6 
such as the automatic operation display lamp or the 
operating direction display lamp. Moreover, it is also so 
possible to mount the device on a design element such 
as the balustrade 1 . 

[0055] Furthermore, when a passenger has passed 

across the second zone 42 like the passenger 12 in Fig. 

1 and the passenger 16 in Fig. 5, it is possible to sup- ss 

press the energy loss for starting because the low 

speed operation is temporarily performed. 

[0056] Also, since the first and second zones 41 



and 42 include the region outside of the handrail return- 
ing portions 2a on both sides, it is possible to detect a 
passenger who takes a detour to the entrance or exit 
gate from outside of the handrail returning portions 2a 
and to dispense with the guide railings. 
[0057] Further, since the passenger detecting 
devices 4 having the reflective photo detection system 
sensors are provided in the balustrade 1, it is unneces- 
sary to provide equipment such as poles to incorporate 
the sensors, 

[0058] Furthermore, riding in the wrong direction 
can be prevented by alerting the passenger even 
though the passenger conveyor stays in the standby 
mode, thus making it possible to obtain a high energy 
saving effect. 

[0059] Also, since the ranges of the first and second 
zones 41 and 42 on the entrance and exit gate sides are 
the same, the structural elements for the passenger 
detecting devices 4 in the entrance and exit gates may 
be commonly used. It is therefore possible to facilitate 
maintenance and adjustment work and the like. 

Embodiment 2 

[0060] Furthermore, the first and second zones 41 
and 42 on the entrance and exit gate sides are not lim- 
ited to those shown in Fig. 1. For example, as shown in 
Fig. 7, the first zone 41 may be narrowed and the sec- 
ond zone 42 may be widened. By taking such detection 
ranges, it is possible to more positively detect passen- 
gers who detour around the entrance gate from outside 
of the handrail returning portions 2a, like the passenger 
13 shown in Fig. 7. Moreover, at the exit gate, it is also 
possible to notify a passenger who takes a detour 
around the exit gate from outside of the curved handrail 
portions 2a, like passenger 17, that he is about to ride in 
the wrong direction by the low speed operation of the 
intermediate mode, and thereby prevent the passenger 
from riding in the wrong direction. 
[0061] Also, in such a case, a first sensor (not 
shown) for detecting the absence/presence of the pas- 
senger within the first zone 41 and a second sensor (not 
shown) for detecting the absence/presence of the pas- 
senger within the second zone 42 are provided in the 
passenger detecting devices 4. It is sufficient that the 
angles of the first and second sensors are set to be dif- 
ferent from each other, and it is possible to set the 
detection ranges as desired. 

Embodiment 3 

[0062] Furthermore, by changing the mounting 
angle of the passenger detecting devices 4 to direct the 
detection range in a specific direction or adjust the sen- 
sitivity thereof in accordance with environmental condi- 
tions or passenger traffic, it is possible to reduce the 
detection ranges as shown in, for example, Fig. 8. 
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Embodiment 4 

[0063] Fig. 9 is a plan view showing the entrance 
gale of the passenger conveyor in accordance with 
Embodiment 4 of the present invention. The passenger 
detecting devices 4 of this example monitor the pres- 
ence/absence of passengers by dividing the second 
zone 42 on the entrance gate side into two different sub- 
zones 42a and 42b which have a different distance from 
the entrance/exit gates. The operating speed of the pas- 
senger conveyor when the passenger is detected within 
each sub-zone 42a. 42b such that the speed closer to 
the rated speed in the conveying mode in the sub-zone 
closer to the entrance/exit gates. Other structures are 
identical to Embodiment 1. 

[0064] In such a control apparatus for the passen- 
ger conveyor, since the operating speed of the passen- 
ger conveyor is increased stepwise as passenger 1 1 
approaches the entrance gate, it is possible to smoothly 
accelerate the passenger conveyor from the slopped 
condition to the rated speed. 

[0065] Moreover, in this example, the second zone 
42 on the entrance gate side is divided into the two sub- 
zones 42a and 42b but it may also be divided into three 
or more sub- zones. 

[0066] Also, in the passenger conveyors shown in 
accordance with Embodiments 1 to 4, since the 
entrance gate and the exit gate are switched with each 
other by changing the operating direction, it is possible 
to automatically replace the control method on the 
entrance gate side and the control method on the exit 
gate side with the control apparatus body 8 in response 
to the operating direction. 

[0067] In this case, the display contents of the dis- 
play devices 6 may be automatically switched between 
the entrance gate side (the automatic operation display 
or the enter direction arrow or the like) and the exit gate 
side (do not enter display or the like). Also, if the first 
and second zones 41 and 42 are the same on the 
entrance gate side and the exit gate side, it is easy to 
switch the control methods therebetween. 
[0068] Further, in Embodiment 1, in the alarm 
mode, the alarm is genemted and at the same time the 
operating speed is accelerated to the rated speed. How- 
ever, it is possible to only generate the alarm while 
keeping the operating speed at the low speed without 
any change. Furthermore, in Embodiment 1, in the 
intermediate mode in the case where the passenger is 
detected within the second zone 42 on the exit gate 
side, the passenger conveyor is operated at the low 
speed. However, it is possible to perform the operation 
at the rated speed. 

[0069] Here, the relationship between the zone 
detection and the operating speed of the passenger 
conveyor to the movement of the passenger is as fol- 
lows. In this example, the low speed operating velocity 
is 7.5 m/min and the rated speed is 30 m/min. Also, if 
the machine length of the passenger conveyor is 10 m, 



then the set time in the conveying mode is 30 seconds 
in with extra time added to the normal passage time of 
20 seconds at the rated speed. 

[0070] First, for the passenger who enters the first 

5 zone 41 from the second zone 42 on the entrance gate 
side and leaves the first zone 41 to enter the second 
zone 42 on the exit gate side, i.e., the general user, 
since the presence/absence of the passenger is disre- 
garded at the exit gate during the set time of the convey- 

10 ing mode, the passenger detection condition is changed 
from X, through the second zone on the entrance gate 
side and the first zone on the entrance gate side to X. In 
response to this, the operating speed of the passenger 
conveyor is changed from 0 to 7.5 to 30 (about 30 sec- 

15 onds) to 0. 

[0071] Also, for the passengers who passe only 
across the second zone 42 on the entrance gate side, 
the detection condition is changed from X through the 
second zone on the entrance gate side to X. The oper- 

20 ating speed is changed from 0 to 7' 5 (about 5 seconds) 
to 0. 

[0072] Further, for passengers who passe only 
across the second zone 42 on the exit gate side, the 
detection condition is changed from X through the see- 
ps ond zone on the exit gate side to X. The operating 
speed is changed from 0 through 7.5 (about 5 seconds) 
too. 

[0073] Furthermore, for passengers who enter the 
first zone 41 from the second zone 42 on the exit gate 

30 side, recognizes that he is about to ride in the wrong 
direction and moves from the second zone 42 on the 
exit gate side to outside of the second zone 42, the 
detection condition is changed from X to the second 
zone on the exit gate side to the first zone on the exit 

35 gate side to the second zone on the exit gate side and 
then to X. The operating speed is changed from 0 to 7.5 
to 30 {+ alarm) to 7.6 (about 5 seconds) and to 0. 

Embodiment 5 

40 

[0074] Fig. 10 is a plan view showing an entrance 
gate of the passenger conveyor in accordance with 
Embodiment 5 of the present invention, and Fig. 11 is a 
side elevational view showing the entrance gate shown 

45 in Fig. 10. In this example, the passenger detecting 
devices 4 having a first sensor 43 for detecting the first 
zone 41 and a second sensor 44 for detecting the sec- 
ond zone 42 are used. An input photo detection type 
sensor having a light emitting portion 43a and a light 

50 receiving portion 43b facing each other and mounted at 
end portions of the balustrade 1 is used as the first sen- 
sor 43. The reflective photo detection type sensor is 
used as the second sensor 44 in Embodiment 1. Struc- 
tures other than the above are the same as in Embodi- 

55 ment 1 . 

[0075] In such a control apparatus for the passen- 
ger conveyor, the passenger passes across the space 
between the light emitting portion 43a and the light 
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receiving portion 43b of the first sensor 43 so that the 
light input beam to the light receiving portion 43b is 
interrupted. It is thus possible to more positively detect 
that the passenger has entered the first zone 41 . 
[0076] Moreover, it is possible to use passenger 
detecting devices that move the ranges of the first and 
second zones to the right and left to enlarge or reduce 
them. Thus, the first and second zones may be readily 
adjusted in response to the conditions of the 
entrance/exit gates of the passenger conveyor. Also, the 
sensitivity of the sensors of the passenger detecting 
devices may be adjustable. 

[0077] . Further, the acceleration/deceleration of the 
passenger conveyor may be performed more moder- 
ately in accordance with the inverter control. Thus, it is 
possible to operate the passenger conveyor more safely 
and quietly. 

[0078] Here, the acceleration (or deceleration) of 
the passenger conveyor may be set so that passengers 
will not fall down. For example, if the acceleration (or 
deceleration) is about 0.01 G to 0.02 G (0.1 to 0.2 
RfiG/m^). and the rated speed is 30 m/min, it takes about 
2.5 to 5 seconds to accelerate the passenger conveyor 
from the stop condition to the rated speed. In contrast, if 
the transiting speed is 1.5 m/sec, since the passenger 
conveyor advances 3.8 m to 7.5 m in 2.6 to 5 seconds, 
after the first passenger rides thereon safely at the rated 
speed or lower, the passenger conveyor may be 
smoothly accelerated up to the rated speed. 

Embodiment 6 

[0079] Fig. 12 is a side elevational view showing 
passenger detecting devices for the passenger con- 
veyor in accordance with Embodiment 6 of the present 
invention, and Fig. 13 is a plan view of the passenger 
detecting devices shown in Fig. 12. The passenger 
detecting devices 4 for detecting the presence/absence 
of passengers are provided in a lower portion of each 
handrail return port 3 of the balustrade 1. A reflective 
photo detection type sensor having first and second 
light emitting portions 51 and 52 and a light receiving 
portion 53 is used as each passenger detecting device 
4. 

[0080] Light projection ranges 51a and 62a by the 
first and second light emitting portions 51 and 52 are 
sector-shaped as viewed from above and have different 
light projection angles from each other so as not to inter- 
sect with each other as viewed in elevation. A light 
receiving range 53a of the light receiving portion 53 is 
sector-shaped as viewed from above and intersects 
with the light projection ranges 61a and 52a as viewed 
in elevation. 

[0081] Accordingly, the intersecting portion (hatch- 
ing in the drawing) between the light projection range 
51a of the first light emitting portion 51 and the light 
receiving range 53a is the first zone (first detecting 
range) 41, and the intersecting portion (hatching in the 



drawing) between the light projection range 52a of the 
second light emitting portion 52 and the light receiving 
range 53a is the second zone (second detecting range) 
42. Moreover, in Fig. 13. the light projection ranges 61a 

5 and 52a and the light receiving range 53a of one of the 
passenger detecting devices 4 are shown. 
[0082] In such passenger detecting devices 4, infra- 
red laser beams or the like are projected from the first 
and second light emitting portions 51 and 52. When the 

10 feet or the like of a passenger enters the first and sec- 
ond zones 41 and 42, the light beam reflected from the 
passenger is received in the light receiving portion 53 to 
thereby detect the passenger. At this time, if infrared 
beams having different respective frequencies are emit- 

75 ted from the first and second light emitting portions 51 
and 62, it is possible to determine in which one of the 
first and second zones 41 and 42 the passenger was 
detected. 

[0083] Also, by emitting the infrared beams at a dif- 

20 ferent timing from each other in the form of pulses from 
the first and second light emitting portions 51 and 52. it 
is possible to determine in which one of the first and 
second zones 41 and 42 the passenger was detected. 
[0084] According to such passenger detecting 

25 devices, it is possible to positively define the range for 
detecting the absence/presence of the passenger and it 
is easy to adjust of the detection range. Accordingly, the 
passenger detecting devices may be applied to the con- 
trol apparatuses of the foregoing embodiments. 

30 [0085] Moreover, in Embodiment 6, while two 
detection ranges are applied, it is possible to use a sin- 
gle light emitting portion and a single detection range or 
to use three or more light emitting portions and three or 
more detection ranges. 

35 [0086] Here, for example, as indicated by two-dot- 
and-dash lines in Fig. 13, in the case where the light 
projection range 52b of the second light emitting portion 
52 is largely expanded, there is a possibility that some 
article 55 such as a building protrusion, a plant pot or a 

40 rail could be included in the detection range. In such a 
case, the light receiving amount containing the light 
reflected from the article 55 is used as the reference 
value in advance. In the case where the light receiving 
amount abruptly increases from the reference value, it is 

45 assumed that a passenger has entered the detection 
range. Thus, it is possible to prevent erroneous detec- 
tion by the light reflected from the article 55. 
[0087] Also, in the case where the passenger 
detecting devices 4 are provided in the balustrade 1, if 

50 the guide railings 10 are provided at the entrance/exit 
gates as shown in Fig. 14, the railings 10 may be 
included within the detection range 46, However, in 
such a case, if the light receiving amount containing the 
light reflected from the guide railings 10 is used as the 

55 reference value in advance, it is possible to prevent 
erroneous detection caused by the guide railings 10. 
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Claims 

1 . A control apparatus for a passenger conveyor com- 
prising: 

5 

a control apparatus body for controlling opera- 
tion of the passenger conveyor in accordance 
with a plurality of operating modes including a 
standby mode for stopping operation for 
standby, an intermediate mode switched over io 
from the standby mode, a conveying mode 
switched over from the intermediate mode for 
conveying a passenger and an alarm mode for . 
alerting a passenger who is about to enter from 
an exit gate side that the conveyor is operating is 
in the opposite direction; 

passenger detecting devices for distinguishing 
and monitoring the absence/presence of a pas- 
senger within first zones on an entrance gate 
side and the exit gate side, including floor 20 
boards of the entrance gate side and the exit 
gate side, and the absence/presence of a pas- 
senger within second zones on the entrance 
gate side and the exit gate side which is adja- 
cent to outside of the first zones so as to cover 25 
the first zones, respectively; and 
a mode switching circuit for switching said 
operating modes in response to information 
from said passenger detecting devices, 
wherein in the case where a passenger is 30 
detected in at least one second zone on said 
entrance gate side and said exit gate side in 
said standby mode, said mode switching circuit 
switches said operating mode to said interme- 
diate mode, in the case where a passenger is 35 
detected in the first zone on said entrance gate 
side in said intermediate mode, said mode 
switching circuit switches said operating mode 
to said conveying mode, and in the case where 
a passenger is detected in the first zone on 40 
said exit gate side in said intermediate mode, 
said mode switching circuit switches said oper- 
ating mode to siaid alarm mode. 

2- A control apparatus for a passenger conveyor 45 
according to claim 1, wherein said passenger 
detecting devices include first sensors on the 
entrance gate side and on the exit gate side for 
detecting the absence/presence of a passenger in 
the respective first zones, and second sensors on 50 
the entrance gate side and on the exit gate side for 
detecting the absence/presence of a passenger in 
the respective second zones. 

3. A control apparatus for a passenger conveyor 55 
according to claim 2, wherein said respective first 
sensors are input photo detection type sensors 
having light emitting portions and light receiving 



portions which face each other. 

4. A control apparatus for a passenger conveyor 
according to claim 1. wherein said control appara- 
tus body operates said passenger conveyor in said 
intermediate mode at a lower speed that in said 
conveying mode. 

5. A control apparatus for a passenger conveyor 
according to claim 4, wherein said passenger 
detecting devices divide said second zone on said 
entrance gale side into a plurality of sub-zones with 
different distances from the entrance gate and 
monitor the absence/presence of the passenger, 
and when a passenger is delected in the respective 
sub-zones, the operating speed of said passenger 
conveyor becomes closer to the operating speed in 
said conveying mode the closer the sub-zone is to 
said entrance gate. 

6. A control apparatus for a passenger conveyor 
according to cla'm 1 , wherein when no passenger is 
detected in said first and second zones for a set 
time period starting said intermediate mode, said 
mode switching circuit switches said operating 
mode to said standby mode. 

7. A control apparatus for a passenger conveyor 
according to claim 1 , wherein said respective sec- 
ond zones include regions outside of handrail 
returning portions on both sides of said passenger 
conveyor so that a passenger who detours around 
said entrance/exit gates from outside of the handrail 
returning portions may be detected. 

8. A control apparatus tor a passenger conveyor 
according to claim 1 , wherein alarm means for gen- 
erating an alarm in said alarm mode are provided 
on both sides of said entrance gate side and said 
exit gate side, and a control method on said 
entrance gate side and a control method on said 
exit gate side may be automatically switched with 
each other in response to a switching operation of 
the operating directions of said passenger con- 
veyor. 

9. A control apparatus for a passenger conveyor com- 
prising: 

a control apparatus body for controlling opera- 
tion of the passenger conveyor in accordance 
with a plurality of operating modes including a 
conveying mode for conveying a passenger, a 
standby mode for stopping operation for 
standby, an intermediate mode switched over 
from the standby mode and an alarm mode for 
alerting a passenger who is about to enter from 
an exit gate side that the conveyor is operating 



19 EP 1 097 898 A1 20 



in the opposite direction; 
a passenger detecting device for distinguishing 
and monitoring the absence/presence of a pas- 
senger within a first zone including a floor 
board of the exit gate side, and the 5 
absence/presence of a passenger within a sec- 
ond zone which is adjacent to outside of the 
first zone so as to cover the first zone; and 
a mode switching circuit for switching said 
operating mode to said intermediate mode in io 
the case where a passenger is detected in said 
second zone in said standby mode, and said 
operating mode to said alarm mode in the case 
where a passenger is detected in said first 
rone in said intermediate mode. 15 

10. A control apparatus for a passenger conveyor 
according to claim 9, wherein said passenger 
detecting device includes a first sensor for detecting 
the absence/presence of a passenger in the first 20 
zone, and a second sensor for detecting the 
absence/presence of a passenger in the second 
zone. 

11. A control apparatus for a passenger conveyor 25 
according to claim 9, wherein said control appara- 
tus body operates said passenger conveyor in said 
intermediate mode at a lower speed than in said 
conveying mode. 

30 

12. A control apparatus for a passenger conveyor 
according to claim 9, wherein when a passenger is 
not detected in said first and second zones for a set 
time period starting from the start of said intermedi- 
ate mode, said mode switching circuit switches said 3S 
operating mode to said standby mode. 

13- A control apparatus for a passenger conveyor 
according to claim 1 , wherein said second zone 
includes regions outside of handrail returning por- 40 
tions on both sides of said passenger conveyor so 
that a passenger who detours around said exit gate 
from outside of the handrail returning portions may 
be detected. 

45 

14. A control apparatus for a passenger conveyor com- 
prising: 

a control apparatus body for controlling opera- 
tion of the passenger conveyor in accordance so 
with a plurality of operating modes including a 
conveying mode for operating at a speed at 
which passengers are conveyed, a standby 
mode for standing by under a power consump- 
tion saving condition and an alarm mode for 55 
alerting a passenger who is about to enter from 
an exit gate side that the conveyor is operating 
in the opposite direction; 



passenger detecting devices for detecting a 
passenger adjacent to an entrance gate and 
the exit gate of said passenger conveyor; and 
a mode switching circuit for switching said 
operating modes in response to information 
from the passenger detecting devices, 
wherein structures of said passenger detecting 
devices on the entrance gate side and on the 
exit gate side and detection zones of.said pas- 
senger detecting devices are the same as each 
other, and a control method on said entrance 
gale side and a control method on said exit 
gate side may be automatically switched with 
each other in response to a switching operation 
of the operating directions of said passenger 
conveyor. 

15. A reflective light type passenger detecting device 
for a passenger conveyor, having a light emitting 
portion and a light receiving portion disposed in a 
balustrade portion of entrance and exit gates of the 
passenger conveyor for detecting the 
absence/presence of a passenger adjacent to the 
entrance and exit gates, 

wherein a light projection range of said light emit- 
ting portion and a light receiving range of said light 
receiving portion are sector-shaped as viewed from 
above, respectively, and 

wherein angles in an up-and-down direction of said 
light projection range and said light receiving range 
are changed so that a portion comprising the inter- 
section of said light projection range and said light 
receiving range may be used as a detection range. 

16. A passenger detecting device for a passenger con- 
veyor according to claim 16, wherein the light emit- 
ting portion has first and second light emitting 
sections which have different light projection angles 
from each other as viewed in elevation, a portion 
comprising the intersection of said first emitting 
section with the projection range and said light 
receiving range is used as a first detection range 
and a portion comprising the intersection of said 
second emitting section with the projection range 
and said light receiving range is used as a second 
detection range. 

17. A passenger detecting device for a passenger con- 
veyor according to claim 15, wherein the detection 
range includes an angular range widerthan a width 
of handrail returning portions. 
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